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FODVVLILHGDVIDOOLQJLQWRVRPHSUHGHWHUPLQHGFODVVHVOLNHORFDWLRQRUJDQL]DWLRQWLPHSHUVRQSHUFHQWDJHPRQHWDU\
YDOXHDQGRWKHUVQRQHRIWKHDERYH1(5LQYROYHVWZRWDVNVLGHQWLILFDWLRQRI1(VDQGFODVVLILFDWLRQRI1(VLQWR
GLIIHUHQW FODVVHV VXFK DV RUJDQL]DWLRQ ORFDWLRQ SHUVRQ HWF )RUPDOO\1(5 FDQ EH GHILQHG DV D ODEHOLQJ WDVNWKDW





RI 1DWXUDO /DQJXDJH 3URFHVVLQJ 1/3 UHVHDUFKHUV ,QIRUPDWLRQ 5HWULHYDO DQG ([WUDFWLRQ ,5(; SURJUDP 
$XWRPDWLF &RQWHQW ([WUDFWLRQ $&( SURJUDP &RQIHUHQFHV RQ 1DWXUDO /DQJXDJH /HDUQLQJ  DQG
&R1//  DQG  KDYH ODUJH FRQWULEXWLRQ LQHPHUJHQFH RI1(51(5 SOD\V DQ LPSRUWDQW UROH LQ




EXW VWLOO WKH DFFXUDF\ RI WKHVH 1(5 V\VWHPV LV QRW FRPSDUDEOH ZLWK (QJOLVK DQG RWKHU IRUHLJQ ODQJXDJHV 7KH
&DSLWDOL]DWLRQ IHDWXUH ZKLFK KDV EHHQ SURYHG WR EH YHU\ XVHIXO LQ (QJOLVK ODQJXDJH LV QRW DSSOLFDEOH WR ,QGLDQ
ODQJXDJHVDVWKH ODWHUDUHFDVHLQVHQVLWLYH7KH1(566($/:RUNVKRSLQLWLDWHG1(5UHVHDUFKIRU,/VDVDVKDUHG
WDVN7KLVZRUNVKRSIRFXVHGRQ+LQGL2UL\D%HQJDOL8UGXDQG7HOXJX7KHWDJVHWGHILQHGIRUWKLVWDVNFRQVLVWVRI




WH[W LV DYDLODEOHLQHOHFWURQLF IRUP LQERWK*XUPXNKL IRU ,QGLDQ3XQMDEL ODQJXDJHDQG6KDKPXNKL IRU3DNLVWDQL
3XQMDEL ODQJXDJHVFULSWV3XQMDEL WKHRIILFLDO ODQJXDJHRI3XQMDEVWDWH LQ ,QGLD LVZULWWHQXVLQJ*XUPXNKLVFULSW
:LWKWKHDYDLODELOLW\RI*XUPXNKLWH[WLQHOHFWURQLFIRUPUHVHDUFKHUVWDUWVGHYHORSLQJV\VWHPVOLNH3DUWVRI6SHHFK
WDJJLQJ0DFKLQH7UDQVODWLRQ4XHVWLRQ$QVZHULQJ6\VWHPV HWF IRU 3XQMDEL ODQJXDJH7KH DFFXUDF\ RI DOO WKHVH
V\VWHPVLVQRWFRPSDUDEOHWRWKHLUFRXQWHUSDUWVLQRWKHUZHOOUHVHDUFKHGODQJXDJHVOLNH(QJOLVKPDLQO\GXHWRODFN
RIVXSSRUWLQJV\VWHPV2QHVXFKVXSSRUWLQJV\VWHPLV1DPHG(QWLW\5HFRJQL]HU1RQDYDLODELOLW\RI1(5V\VWHPLQ
3XQMDEL ODQJXDJH LVRQHRI WKHPDMRUKXUGOHV LQ WKHVHUHVHDUFKDFWLYLWLHVDQG WKXVRXUPRWLYH WRSXUVXHUHVHDUFK LQ
WKLVGLUHFWLRQ7KH1(5UHVHDUFKZRUN LQ3XQMDEL ODQJXDJHZDV LQLWLDWHGZLWK WDJVXVLQJ&RQGLWLRQDO5DQGRP
)LHOGVDSSURDFKDVSUHVHQWHGLQ
,Q WKLV SDSHU YDULRXV H[SHULPHQWV SHUIRUPHGXVLQJGLIIHUHQW FRPELQDWLRQVRI QDPHGHQWLW\ IHDWXUHV KDYHEHHQ
GLVFXVVHG7KHSDSHULVGLYLGHGLQWRVL[SDUWV1H[WVHFWLRQGHVFULEHVYDULRXV1(5DSSURDFKHV,Q6HFWLRQUHODWHG
ZRUN LV GLVFXVVHG6HFWLRQGHVFULEHVZRUN UHJDUGLQJ1(5 LQ3XQMDEL/DQJXDJH6HFWLRQFRPSULVHVRI YDULRXV
H[SHULPHQWVDQGWKHLUUHVXOWV)LQDOO\LQ6HFWLRQZRUNKDVEHHQFRQFOXGHG
1(5$SSURDFKHV
$FFRUGLQJ WR WKHPHWKRGVXVHGIRUDXWRPDWLF LGHQWLILFDWLRQDQGFODVVLILFDWLRQRIQDPHGHQWLWLHVDUHFODVVLILHG
LQWRWKUHHFDWHJRULHV
x 5XOHEDVHG1(5 ± 7KHVH V\VWHPV IRFXVHV RQ H[WUDFWLQJ1(V XVLQJ KDQGPDGH UXOHV0RVW RI WKH HDUOLHU
VWXGLHVZHUHEDVHGRQKDQGFUDIWHGUXOHV
x 0DFKLQH /HDUQLQJEDVHG 1(5  7KHVH V\VWHPV ILQG SDWWHUQV DQG WKHLU UHODWLRQVKLSV LQ WKH JLYHQ WH[W WR
SUHSDUHDPRGHOXVLQJDPDFKLQHOHDUQLQJDSSURDFK7KHVHV\VWHPVFDQEHIXUWKHUFODVVLILHGDV
6XSHUYLVHG PDFKLQH OHDUQLQJ PRGHO ±7KLV DSSURDFK FRQVWUXFWV D VWDWLVWLFDO PRGHO EDVHG XSRQ DWDJJHG
WUDLQLQJ GDWD9DULRXV DSSURDFKHVDUH +LGGHQ 0DUNRY 0RGHO +00 &RQGLWLRQDO 5DQGRP )LHOGV &5)
0D[LPXP(QWURS\0('HFLVLRQ7UHHV'7DQG6XSSRUW9HFWRU0DFKLQHV690
8QVXSHUYLVHG PDFKLQH OHDUQLQJ PRGHO,Q WKLV DSSURDFK DQ XQVXSHUYLVHG PRGHO OHDUQV ZLWKRXW DQ\
IHHGEDFN 7KH DLPLV WR FRQVWUXFW UHSUHVHQWDWLRQV IURP GDWD ZKLFK DUH IXUWKHU XVHG LQ LGHQWLILFDWLRQ DQG
FODVVLILFDWLRQRI1(V
x +\EULG1(5±7KHVHV\VWHPVDUHWKHFRPELQDWLRQRIERWKRIWKHDERYHV\VWHPV




WKH GLUHFWLRQ RI 1(5 UHVHDUFK IRU ,QGLDQ ODQJXDJHV ZLWK IRFXV RQ %HQJDOL 2UL\D +LQGL 7HOXJX DQG 8UGX
ODQJXDJHVUHVHDUFKSDSHUVZHUHSUHVHQWHGLQWKLVZRUNVKRSDQGRXWRIZKLFKIRXUZHUHUHODWHGWRVKDUHGWDVN$OO
WKHVHUHVHDUFKSDSHUVZHUHEDVHGRQWDJV1(WDJVHWGHILQHGIRU1(566($/
6XMDQ.XPDU 6DKD LQ GHVFULEHG D V\VWHPZKLFK FRPELQHG0D[LPXP(QWURS\PRGHOZLWK ODQJXDJH VSHFLILF











ZHOO DV GHSHQGHQW IHDWXUHV (YDOXDWLRQ UHVXOWV KDYH GHPRQVWUDWHG WKH KLJKHVW )6FRUH RI  IRU %HQJDOL
IRU+LQGLIRU2UL\DDQGIRU7HOXJX










JD]HWWHHUV ZHUH PDQXDOO\ FUHDWHG XVLQJ 1(566($/ WDJVHW RI  WDJV &RUSXV ZDV DOVR PDQXDOO\ WDJJHG XVLQJ
FRDUVHJUDLQHG3DUWVRI6SHHFK326WDJVHWRIWDJV
1(5LQ3XQMDEL/DQJXDJH
3XQMDEL LV D GHVFHQGHQW RI ,QGR$U\DQ ODQJXDJH,W LV VSRNHQ E\ SHRSOH RI WKH 3XQMDE LQ ,QGLD DQG 3DNLVWDQ
3XQMDEL LV WKH RIILFLDO ODQJXDJH RI WKH ,QGLDQ VWDWH RI 3XQMDE DQG DOVR RQH RI WKH RIILFLDO ODQJXDJHV RI 'HOKL
$FFRUGLQJWRWKH(WKQRORJXHHVWLPDWHWKHUHDUHPRUHWKDQPLOOLRQVSHDNHUVRIWKH3XQMDELODQJXDJHDQG
UDQNHGWKDPRQJWKHODQJXDJHVVSRNHQLQZRUOG
,W KDV EHHQ REVHUYHG WKDW YDVW DPRXQW RI LQIRUPDWLRQ DERXW 3XQMDEL ODQJXDJH LV DYDLODEOH RQOLQH EXW WKLV
LQIRUPDWLRQ LV QRW SUHVHQW LQ D SURSHU IRUPDW ZKLFK FRXOG EH XVHG WR EHQHILW WKH ORFDO XVHUV 3XQMDEL OLNH RWKHU










GHSHQGHQW RQ ODUJH FRUSRUD DQQRWDWHGZLWKQDPHGHQWLWLHV6R LWZDVGHFLGHG WRSUHSDUH DQ1( WDJJHG DQQRWDWHG
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VWLOO WKHUH LV KLJK SUREDELOLW\ RI DPHQGPHQWV$V WKH DQQRWDWLRQ WDVN SURJUHVVHVPRUH DPELJXRXV DQG FRQIXVLQJ
FDVHV DUH LGHQWLILHG WKDW GR QRW ILW WKH JLYHQ WDJVHW DQG DQQRWDWLRQ JXLGHOLQHV WKXV OHDGV WR LQFRQVLVWHQF\ LQ WKH





ZHUH XVHG $MLWMDODQGKDU ZDV IRXQG WR EHPRUH XVHIXO DV LW DOVR SURYLGHV ZHE DUFKLYH DV ZHOO DV LW LV WKH PRVW










2UJDQL]DWLRQ 1(2 ذ ْإزيُ>&RQJUHVV@
)DFLOLW\ 1)$& ئلًُِٙٙلؿًْ>$SROOR+RVSLWDO@
(YHQW 1(9( خ ٫ًٓلذرٗؼ ْإ>2O\PSLFV@
5HODWLRQVKLS 15(/ هيْ>%URWKHU@
7LPH 1(7, فًُُْ><HDUV@












DGGLWLRQDO WDJV ZHUH SUHVHQWHG DQG ILQDOO\ D WDJVHW RI  WDJV KDYH EHHQ SURSRVHG LQZKLFK ZLOO EH XVHG LQ WKH
FXUUHQWUHVHDUFKZRUN$OWKRXJK([WHQGHG1DPHG(QWLW\KLHUDUFK\SURYLGHVPRUHWKDQWDJVEXWZHKDYHRSWHGD
OLPLWHGWDJVHW.HHSLQJLQYLHZWKHUHVRXUFHVFDUFLW\LVVXHDQGWKHLQLWLDOVWDJHRI1(5UHVHDUFKLQ3XQMDELODQJXDJH
ZH SURSRVHG DQ1( WDJVHW RI  WDJV QDPHO\ 3(5621 25*$1,=$7,21 /2&$7,21 )$&,/,7< (9(17
5(/$7,216+,37,0('$7('(6,*1$7,21180%(57,7/(3(56210($685($%%5(9,$7,21
DQG$57,)$&7
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LQGHSHQGHQW RU ODQJXDJH GHSHQGHQW $V WKH QDPH LPSOLHV /DQJXDJH LQGHSHQGHQW IHDWXUHV DUH DSSOLFDEOH WR DQ\
ODQJXDJH ZLWKRXW KDYLQJ GHHS XQGHUVWDQGLQJ RI WKDW ODQJXDJH EXW /DQJXDJH GHSHQGHQW IHDWXUHV UHTXLUH FRUH
XQGHUVWDQGLQJDQGNQRZOHGJHRIWKHUHVSHFWLYHODQJXDJH9DULRXV/DQJXDJHLQGHSHQGHQWIHDWXUHVDUH:RUGSUHIL[HV
DQG VXIIL[HV FRQWH[W ZRUGV ILUVW ZRUG LQIUHTXHQW ZRUG ZRUG OHQJWK GLJLW LQIRUPDWLRQHWF )HDWXUHV OLNH VHW RI
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SHUVRQRUJDQL]DWLRQIDFLOLW\HYHQWVHWFYDULRXVJD]HWWHHUOLVWVDQG3DUWVRI6SHHFKLQIRUPDWLRQRIWKHJLYHQZRUG
DUHODQJXDJHGHSHQGHQW



















x :RUG/HQJWK ,IZRUG OHQJWK LVVPDOO LW LVXQOLNHO\ WREH1DPHG(QWLW\7KLVELQDU\YDOXHGIHDWXUHFKHFNV WKH
OHQJWKRIFDQGLGDWHZRUG,ILWLVPRUHWKDQWKUHHWKHQIHDWXUHYDOXHLVRWKHUZLVH
([SHULPHQWVDQG5HVXOWV
& EDVHG 2SHQ1/3 &5) SDFNDJH ZKLFK LVEDVHG RQ &RQGLWLRQDO 5DQGRP )LHOGV &5)V DSSURDFK IRU
ODEHOOLQJVHTXHQWLDOGDWDKDVEHHQXVHGIRUGHYHORSLQJ3XQMDELODQJXDJHEDVHG1(5V\VWHP7KLV1(5V\VWHPZDV
WUDLQHGRQWUDLQLQJGDWDRIZRUGVDQGWHVWHGZLWKWHVWGDWDRIZRUGV)RUHYHU\ZRUGLQWKHWDJJHG










WK URZV7KHDGGLWLRQRI µ,QIUHTXHQWZRUG¶ IHDWXUH WRFRQWH[WZRUGZLQGRZKDV UHGXFHG WKH IVFRUHE\
WKURZZKHUHDVDGGLWLRQRIµ,QIUHTXHQW¶ZRUGIHDWXUHWRZRUGZLQGRZDQGKDVLPSURYHGWKHIVFRUHVYDOXHV
E\DQGUHVSHFWLYHO\WKDQGWKURZ7KHXVHRIOHQJWKIHDWXUHDORQJZLWKGLJLWIHDWXUHVVHHPVWREH
TXLWH XVHIXO WR ZRUG ZLQGRZ   DQG  DV LW KDV LPSURYHG WKH IVFRUH YDOXH WR   DQG 
UHVSHFWLYHO\ WK WR WK URZ7KH DGGLWLRQRI µ,QIUHTXHQW¶ZRUG IHDWXUH WR DERYH IHDWXUH VHW UHGXFHV WKH IVFRUH
YDOXHLQZRUGZLQGRZEXWLQFUHDVHGWKHIVFRUHYDOXHVRIZRUGZLQGRZDQGWKWRVWURZ6RWKHIHDWXUH
VHWZLWKKLJKHVWIVFRUHYDOXHRIFRPSULVHVRIZRUGZLQGRZGLJLWIHDWXUHVµ,QIUHTXHQW¶ZRUGDQG/HQJWK
RIZRUG IHDWXUH7KHVHFRQGKLJKHVW IHDWXUH VHW WKDWKDVJLYHQFRPSDUDEOH IVFRUHYDOXHRIFRPSULVHVRI
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7DEOH(YDOXDWLRQ5HVXOWV
)HDWXUHV 3UHFLVLRQ 5HFDOO )6FRUH
) ZLZLZL   
) ZLZLZLZLZL   
) ZLZLZLZLZLZLZL   
) )GLJLWIHDWXUH   
) )GLJLWIHDWXUH   
) )GLJLWIHDWXUH   
) )LQIUHTXHQWZRUG   
) )LQIUHTXHQWZRUG   
) )LQIUHTXHQWZRUG   
) )LQIUHTXHQWZRUG   
) )LQIUHTXHQWZRUG   
) )LQIUHTXHQWZRUG   
) )OHQJWK   
) )OHQJWK   
) )OHQJWK   
) )OHQJWK   
) )OHQJWK   
) )OHQJWK   
) )OHQJWK   
) )OHQJWK   









7KLV SDSHU SUHVHQWHG WKH HYDOXDWLRQ RI YDULRXV1DPHG(QWLW\ IHDWXUHV WKDW DUH TXLWH KHOSIXO LQ UHFRJQLWLRQ RI
QDPHGHQWLWLHV LQ3XQMDEL ODQJXDJH7KHVHIHDWXUHV LQFOXGHFRQWH[WZRUGZLQGRZRI VL]HDQGYDULRXVGLJLW
IHDWXUHV ,QIUHTXHQW ZRUG IHDWXUH DQG /HQJWK RI ZRUG IHDWXUH ([SHULPHQWV KDYH EHHQ FRQGXFWHG RQ YDULRXV
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 6DKD 6 . &KDWWHUML 6 'DQGDSDW 6 6DUNDU 6 DQG 0LWUD 3 $ +\EULG $SSURDFK IRU 1DPHG (QWLW\ 5HFRJQLWLRQ LQ ,QGLDQ
/DQJXDJH,-&1/3:RUNVKRSRQ1(5IRU6RXWKDQG6RXWK(DVW$VLDQ/DQJXDJHVS
 6DQJ()7. DQG0HXOGHU)' ,QWURGXFWLRQ WR WKH&R1// VKDUHG WDVN/DQJXDJHLQGHSHQGHQWQDPHGHQWLW\ UHFRJQLWLRQWK
&RQIHUHQFHRQ1DWXUDO/DQJXDJH/HDUQLQJ&R1//
 6DQJ ( ) 7 .,QWURGXFWLRQ WR WKH &R1//  VKDUHG WDVN /DQJXDJHLQGHSHQGHQW QDPHG HQWLW\ UHFRJQLWLRQWK :RUNVKRS RQ
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